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abstract: An Evans blue dye injection technique was 
employed to compare vascular leakage into various 
regions of the alimentary canal of uninfected and Lep¬ 
torhynchoides thecatus-infected green sunfish, Lepomis 
cyanellus. Results revealed no significant difference in 
permeability to dye among cecal, between cecal, and 
intestinal regions. Additionally, L. thecatus appeared 
to have neither a systemic nor local effect on mucosal 
permeability as there was no significant difference in 
leakage between infected and uninfected fish or be¬ 
tween occupied and unoccupied ceca within infected 
fish. Consequently, differential permeability of mu¬ 
cosal regions to plasma proteins is unlikely to be a 
factor in the localization of L. thecatus in green sunfish. 
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Leptorhynchoides thecatus (Linton, 1891) has 
been shown in laboratory infections of Lepomis 
cyanellus Rafinesque, 1819 (green sunfish) (Uz- 
nanski and Nickol, 1982) and Micropterus sal- 
moides (LacepMe, 1802) (largemouth bass) 
(Leadabrand and Nickol, 1993) to localize in the 
pyloric ceca and the region of the alimentary 
canal immediately at their base (between ceca 
area). After initial establishment along the in¬ 
testinal tract, worms that do not gain access to 
these favored sites by 3 wk postinfection are lost 
from green sunfish (Ewald and Nickol, 1989) or 
migrate into extraintestinal sites in largemouth 
bass (Leadabrand and Nickol, 1993). Attributes 
of the ceca and between cecal area that render 
them suitable for L. thecatus are unknown. 

A histological study of the ceca and anterior 
intestine of green sunfish (Williams and Nickol, 
1989) revealed no difference to suggest differ¬ 
ences in function that could account for the lo¬ 
calization of L. thecatus. The bile duct was found 
to enter through 1 of the pyloric ceca, but dis¬ 
tribution and maturation of worms could not be 
shown to vary among ceca of green sunfish (Ewald 
and Nickol, 1989) or largemouth bass (Leada¬ 
brand and Nickol, 1993). 

Szalai et al. (1988) demonstrated leakage of 
plasma proteins in acanthocephalan-infected fish 


and suggested that plasma leakage provides nu¬ 
trition for the parasites. Thus, the possibility that 
differences in permeability to plasma proteins 
between the ceca and intestine could account for 
the localization of L. thecatus in the ceca of green 
sunfish was investigated. 

Green sunfish were seined from various sites 
in Lancaster County, Nebraska, where L. the¬ 
catus is known to be absent. Nine individuals 
were fed 15 cystacanths each by the procedure 
described by Leadabrand and Nickol (1993). In¬ 
fections were allowed to persist for 1 wk, a time 
that permitted establishment of worms but not 
their localization solely within ceca. Nine un¬ 
infected fish served as the control group. 

A 0.1% (g/ml) solution of Evans blue dye in 
Ringer’s solution for cold-blooded vertebrates 
was prepared to serve as a marker for plasma 
protein. The injection procedure was applied to 
fish one at a time. To inject dye solution, a fish 
was anesthetized to the point of immobilization 
in 3.8 liters of fresh water containing 0.8 g of 
tricaine methanesulfonate. The fish then was 
weighed, and 0.4 ml of dye solution per kilogram 
of body weight was injected slowly into the sub¬ 
cutaneous region just behind the posterior end 
of the spinal cord by use of a 20-cc syringe and 
a 2 6-gauge needle. The fish was returned to its 
tank, and every 5 min its gills were checked for 
the appearance of dye. When the gills appeared 
completely blue, the fish was killed. 

The intestinal tract was removed, cut along its 
ventral surface, and pinned open. Any worms 
present were removed and their locations re¬ 
corded. Color photographic slides of the intes¬ 
tinal tract were taken immediately following each 
dissection. Slides were compared and rated 
blindly for the intensity of blue dye in the mu¬ 
cosae of the ceca; between ceca area; and ante¬ 
rior, middle, and posterior thirds of the intestine. 
The rating scale ranged from 0 to 4 in one-half- 
unit increments. A rating of one-half correspond¬ 
ed to the lightest intensity of blue dye observed 
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Table 1. Mean ratings (± SD) for dye leakage in the alimentary tracts of Lepomis cyanellus uninfected or infected 
with Leptorhynchoides thecatus* 


Infection status 

Ceca 

Between ceca 

Intestine 

Uninfected fishf 

1.6 ± 1.5 (0.0-3.5) 

2.4 ± 1.6(0.0-4.0) 

2.5 ± 1.2 (0.5-4.0) 

Infected fishf 

Occupied and unoccupied sites combined 
Unoccupied cecaf 

Occupied cecaf 

1.1 ± 1.0(0.0-4.0) 

1.2 ± 1.0(0.0-3.0) 

0.9 ± 1.0(0.0-4.0) 

2.5 ± 1.1 (1.0-4.0) 

1.8 ± 0.8 (0.0-3.5) 


* Seven fish in uninfected group, 7 fish in infected group, and ranges in parentheses. 

t Means not significantly different with respect to fish infection status and site using 2x3 factorial analysis of variance, P 
< 0.05. 

:j: Means not significantly different within fish using paired /-test, P ^ 0.05. 


among fish; a rating of 4 corresponded to the 
darkest intensity. Although applied judgmental- 
ly, ratings were assumed to reflect absolute levels 
of dye intensity in intervals of equal magnitude 
that were consistent across fish. Ceca were rated 
individually, then these measurements were 
pooled across ceca and means were calculated. 
Subdivisions of the intestine were treated in an 
identical fashion. Within infected fish, unoccu¬ 
pied and occupied ceca were pooled separately 
and compared. Means and standard deviations 
presented in Table 1 are pooled ratings; ranges 
are unpooled values. Two infected and 2 unin¬ 
fected fish that failed to circulate dye were ex¬ 
cluded from the analysis. 

Because Evans blue dye binds readily to plas¬ 
ma proteins, particularly albumin (Rawson, 
1943), permeability of the epithelium to dye is 
assumed to reflect leakage of plasma proteins. 
Although the green sunfish intestines were not 
tested for the presence of free dye, in rats and 
quillback injected with similar concentrations 
(Nawa, 1979; Szalai et al., 1988, respectively), 
all dye that entered the intestinal tract was de¬ 
termined to be bound to protein. Results of the 
study (Table 1) reveal no significant difference 
in mucosal permeability with respect to site. Ad¬ 
ditionally, L. thecatus appears to have neither a 
systemic nor local effect on mucosal permeabil¬ 
ity, because there was no significant difference in 
dye leakage between infected and uninfected fish 
(systemic effect) or between occupied and un¬ 
occupied ceca within infected fish (local effect). 
Consequently, differential permeability of mu¬ 
cosal regions to plasma proteins, either parasite 


induced or uninduced by parasites, is unlikely to 
be a factor in the localization of L. thecatus in 
green sunfish. 

David W. T. Crompton asked the question and 
suggested the technique that stimulated this study. 
The study was supported, in part, by the Arthur 
William Sampson Fund. 
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